We report exact analytical expressions relating the fundamental parameters describing the neutralino sector in the context of the left-right supersymmetric model. The method used for such a effects is the projector formalism deduced without take into account the Jarlskog's projector formulae. Also, expressions for the neutralino masses and the neutralino mixing matrix are determined . The results are compared with numerical and analytical ones obtained in similar scenarios in the context of the minimal supersymmetric standard model. *
INTRODUCTION
In Ref. [1] , based on the Jarlskog's treatement of the Cabibbo-Kabayashi-Maskawa matrix, the neutralino observables, in the context of the minimal supersymmetric standard (MSSM), were described in terms of projectors. There, exact analytic expressions for the neutralino masses were also obtained by diagonalizing the associated real symmetric neutralino mass matrix. Then, the same formalism was applied to treat a more general case where the associated neutralino mass matrix was given by a complex symmetric matrix Ref. [2] . In this last reference, several CP conserving and violating possible scenarios were considered in the study of the determining parameters of the theory.
The purpose of this work is first to apply the projector formalism [1, 2] to study the existing connections among the fundamental parameters describing the neutralino sector in the contexte of the left-right supersymmetric (L-R SUSY) model [3] - [4] . Next, to compare the results obtained to the ones obtained in the contexte of the MSSM [2] .
In the L-R SUSY model which is based on the gauge group SU(2) L ×SU(2) R ×U(1) B−L , the masses and mixing matrices of the neutralinos and charginos are determined by M L , M R , the leftright gaugino mass parameters associated with the gauge group SU(2) L and SU(2) R respectively, M V , the gaugino mass parameter associated with the gauge group U(1) B−L , µ, the Higgsino mass parameter and the ratio tan θ k ≡ k u /k d , where k u and k d are the vacuum expectation values of the Higgs fields which couple to d-type and u-type quarks respectively [5] - [12] .
In Section 2, we give a brief description of the L-R SUSY model and we write the Lagrangian density describing the neutralino sector in terms of the two component fermion fields and the neutralino mass matrix expressed in terms of the fundamental parameters M L , µ, tan θ k , M R and M V , where M L and µ are considered, in general, as complex numbers. In section 3, we compute the exact analytical expressions for the neutralino masses and the corresponding diagonalizing unitary matrix. Also, we plot these masses versus the Higgsino parameter, in both the CP-conserving and CP-violating cases, and we compare the corresponding CP-conserving results with the numerical ones obtained in [11] . In Section 4, the projector formalism [13] for this model is revised. Based on the explicit construction of the diagonalizing neutralino mass matrix, new formulas for the socalled reduced projectors are constructed without appealing to the Jarlskog's projector formulas [13, 14] . The fundamental properties of these reduced projectors as well as the projectors and the so-called pseudoprojectors [2] are proved. Also, the equivalence of this reduced projectors with those obtained using the Jarlskog's formulas is proved. In Section 5, using the new reduced projector formulas, we express the complex parameter M L , in terms of the so-called eigenphases [2] and the rest of the parameters. Moreover, taking advantage of the mentioned equivalence we get a novel formula expressing the norm of this complex parameter in terms of its phase and of the remaining fundamental parameters. An alternative method to disentangle these parameters are presented in Appendix A. In Section 6, we compare the expected values of the fundamental parameters in similar scenarios predicted by both the L-R SUSY model and the MSSM. Finally, in Section 7, we give our conclusions and prospects.
A brief description of the Left-Right supersymmetric model
In the L-R SUSY model the full lagrangian is given by [4] 
where L gauge contains the kinetic and self-interactions terms for the bosons vector fields (W ± , W 0 ) L,R and V 0 , and the Dirac Lagrangian of their corresponding superpartners, i.e., the gaugino fields (λ ± , λ 0 ) L,R and λ 0 V ; L matter contains the kinetic terms for the fermionic and bosonic matter fields, the Higgs fields and interaction of the gauge and matter multiplets; V is a scalar potential, L Y (Yukawa Lagrangian) contains the self-interaction terms of the matter multiplets as well as of the Higgs multiplets, e.g., it contains the self-interaction terms involving the fundamental Higgsino mass parameters µ 1 ≡ µ, µ 2 and µ 3 : Tr[µ 1 (τ 1φu τ 1 )
, where τ j , j = 1, 2, 3 are the usual Pauli matrices,φ d ,∆ L,R andδ L,R are the superpartners of the bi-doublet field φ d and the four triplet fields ∆ L,R and δ L,R , respectively, which we will define soon afterward (in the following we will consider µ 2 = µ 3 = 0); and L soft is the soft-breaking Lagrangian, involving the fundamental gaugino mass parameters M L , M R and M V , which gives Majorana mass to the gauginos:
The Higgs sector contains two bi-doublet fields,
and four triplet fields,
The Higgs ∆ L, R transform as (1, 0, 2) and (0, 1, 2) respectively. The triplet Higgs δ L, R which transform as (1, 0, −2) and (0, 1, −2) respectively, are introduced to cancel anomalies in the fermionic sector that would otherwise occurs.
In order to generate mass for the gauge bosons we can choice the vacuum expectation values of the Higgs fields in the form [12] 
Thus, in a first stage, the spontaneous breaking of SU (2) 9) whereas the mass of the left-handed ones are given by
are the coupling constants of the gauge groups
To find the neutralino masses we must consider the interaction terms between the gauge bosons, the Higgs, and their superpartners. The neutralino particles are produced in two stages of symmetry breaking. The first stage involving the vacuum expectation value v R of ∆ R generates masses for three heavy neutralinosχ 
where λ 13) where N is in general a complex symmetric matrix given by 14) and the two component fermion field is 
where V is a unitary matrix satisfying
and
where (E j ) 4×4 are the basic matrices defined by (E j ) ik = δ ji δ jk andχ 0 j stand for the four component Majorana neutralinos:χ
Here, we suppose that the real eigenvalues of N D are ordered in the following way
Exact analytical expressions for the neutralino masses
As we have seen in the above section, in the left-right supersymmetric model, the masses, the mixing parameters and the CP-violating properties of the neutralino are determined by the fundamental 
Indeed, a numerical analysis has been implemented to solve the mentioned characteristic equation [12] , assuming determined values for the gauge boson masses, couplings constants and taking µ, the higgsino mass parameter, as a free quantity. Here, we put into practice a method [1, 2] giving exact analytic expressions for the neutralino masses.
Starting from Eq. (3.18), we get
A more explicit form of this matrix equation is
where
For fixed j, Eq. (3.23) represents a system of homogeneous linear equations depending on only one of the neutralino masses. Thus, the neutralino masses can be determined by solving the characteristic equation associated to this system, that is
Solving Eq. (3.24), we get the exact analytic formulas for the neutralino masses where
Neutralino masses, numerical results
Let us consider the CP-conserving scenarios Sc 1 and Sc 2 described in Tab Ref. [12] . We observe the correct size ordering of the neutralino masses, such as required by Eq.
(3.21). Also, in both scenarios, we find that for values of |µ| ∼ 200GeV, the neutralino masses mχ0
Snc 1 20 248 300 50 92.75 4.0 Table 2 : Input parameters for scenario Snc 1 . All mass quantities are given in GeV. scenarios Sc 1 with different values of tan θ k , i.e., tan θ k = 1.6 and tan θ k = 4.0, respectively, we find that for small values of |µ|, the variation of the neutralino masses with respect to µ in Fig. 3 are smoother than in Fig. 1 . This is an important fact to consider when we will study the inverse problem, that is, the determination of the fundamental parameters based on the knowledge of the physical neutralino masses.
Let us now to study the behavior of the neutralino masses mχ0 Superposing these figures, the corresponding surfaces do not overlap , that is, the size ordering 
The eigenvectors forming the matrix V
We have found useful to finish this section with the computation of the matrix V. A more explicit form of this matrix will allow us to prove some important relations in the next section. and dividing each one of these equations by V 1j , where it is assumed that V 1j = 0, we get
Solving this system of equations, and taking into account the relation
it yields the V ij matrix's component
when i=1,. . . ,4. Here, the θ j 's are arbitrary phases, related to the CP eigenphases, which will be fixed by the requirement that V satisfies Eq. (3.17), as we will see in the next section,
and ∆ ij , i = 2, 3, 4, is formed from ∆ 1j by substituting the (i − 1)th column by
.
The neutralino projectors, pseudoprojectors and CP eigenphases
To describe the neutralino observables we can use the projector formalism [1, 2] . The neutralino projector matrices can be defined as[13]
so that
These projectors satisfy the relations and (4.31) it is possible to write
As in the case of the study of the neutralino projector formalism for complex supersymmetry parameters based on the MSSM [2] , here only the projectors are not sufficient to describe the physical observables. For a complete description of physical observables it is also necessary to know the so-called pseudoprojector matrices and CP eigenphases. In the following we implement a method, based on the explicit knowledge of the diagonalizing matrix V to obtain these quantities and demonstrate some of their properties.
Reduced projectors
By inserting (3.29) into (4.32), we get
where we define the reduced projectors
Notice that the expression given in (4.36) is a new version of the reduced projector formula [2] .
Indeed, from this last equation, it is clear that p j1 = 1. Moreover, from Eq. (4.35) we deduce
(4.37)
Thus, inserting this last result into (4.35), we prove the ansatz used in [2]
On the other hand, using Eqs. (4.36) and (4.37), we can write the matrix elements of the diagonalizing matrix V given in Eq. (3.29) in terms of the reduced projectors, that is
where η j ≡ e −2iθ j stands for the CP eigenphases. As we will see below, this last equation allow us to express the L-R SUSY parameters in terms of the reduced projectors and the eigenphases.
An useful property verified by the reduced projectors p jα is
which can be directly deduced from Eq. (4.39), taking in account the unitarirty of V.
Let us now to define other important matrices. From Eq. (3.17), we can write
are the so-called pseudoprojectors [2] . Using Eq. (4.39) and the definition of E j , the matrix elements of these pseudoprojectors can easily be written in the form 
that is, the pseudoprojectors satisfyP * jP k = δ jk P j . (4.44)
In the same way, we can show thatP *
As we have mentioned in the previous section, the eigenphases η j must be chosen in such a way that the diagonalizing matrix V satisfies Eq. (3.17) or equivalently Eq. (4.41). Inserting Eq.
(4.43) into Eq. (4.41) and using the property Eq. (4.40) we get
This last Equation represents, for fixed j, four equivalent relations serving to determine the fundamental parameters of the model, namely M L , µ, M R , M V and tan θ k , in terms of the reduced projectors, the physical neutralino masses, the eigenphases and the L-R SUSY coupling constants.
We notice that, starting from Eq. (3.17) and using Eq. (4.39), a more symmetric structure for the eigenphases η j can be reached, that is
This relation can also be constructed directly from the more fundamental Eq. 
Explicit form of the reduced projectors
According to Eq. (4.36), to obtain the explicit form of the reduced projectors in terms of the fundamental parameters of the theory only we need to know the explicit form of quantities ∆ * αj . For fixed j, they are given by
48)
49)
The formulas (4.48-4.51) allow us to express, through the reduced projectors, all the essential quantities of the model in terms of the original parameters.
Consistence with the Jarlskog's formula
Using the projector properties (4.33) and some ones associated to the coefficients of the characteristic polynomial (3.24), we can write the projectors P j in terms of the neutralino masses and the H matrix, in the Jarlskog's forme [7] :
) .
(4.52)
A more useful expression for these projectors is obtained if we define
Indeed, by performing some algebraic manipulations we get
(4.55)
Now, combining Eqs. (4.38) and (4.53), we deduce the expression 
Indeed, Eqs. (4.57), for α = 1, 2, 3, constitute an identity whereas for α = 1 it constitutes an useful equivalence, as we will show in the next section.
General disentangle formula of M L in terms of the eigenphases
From Eq. (4.46), choosing β = 1 and using (2.14), we get , using the general formula (5.60), for inputs of scenario Sc 3d . The curves are: tan θ k = 10, η j = 1 (light solid); tan θ k = 10, η j = −1 (light dashed); tan θ k = 50, η j = 1 (heavy solid) and tan θ k = 50, η j = −1 (heavy dashed).
scenario Sc 3a with η j = 1 and the scenario Sc 3a with η j = −1. Let us now consider the scenario Sc 3b , which is the same as the scenario Sc 3a , except for the value of M V which have been increased from 50 GeV to 500 GeV. In this case, the common value of |M L | in both scenarios, i.e., Sc 3b with η = ±1, is found to be |M L | ≈ 300 GeV, in the region of small physical neutralino masses of the order of 300 GeV, as we can see from Fig 10. Figure 11 shows the behavior of |M L | as a function of the neutralino masses mχ0 j , for input parameters of the CP-conserving scenario Sc 3c , given in Tab. 3. This scenario differs from the scenario Sc 3a in the value of µ which have now been taken |µ| = 500 GeV. We observe that the curves corresponding to the input parameters of scenario Sc 3c with different eigenphases values, i.e., η j = ±1, intersect when mχ0 , the values of |M L | approach from the right to the given value of mχ0 i , and this approach is more significative for big values of tan θ k than for small ones when η j = 1 and viceversa, this approach is more significative for small values of tan θ k than for big ones when η j = −1. This means that the value of the light neutralino mass which provides the value of |M L | which is independent of the eigenphases η j = ±1, increases when tan θ k augments. The above mentioned behavior of the parameters is verified by seen the plots in Fig. 12 , where we plot |M L | versus mχ0 i , for inputs of scenario Sc 3d with tan θ k = 10 and tan θ k = 50. 
An alternative way to obtain |M
248 500 50 30 0 π Table 4 : Input parameters for scenario Sc 4 . All mass quantities are in GeV.
65)
and D j is given in Eq. (5.63).
The formula for |M L | given in Eq. (5.64), constitutes an alternative to the one given in Eq. 
Determining L-R SUSY parameters
In this section we investigate the behavior of |M L | and Φ L when the eigenphases η j , j = 1, 2, change. We concentrate in two possible scenarios Snc 2 and Snc 3 , described in Table 5 , for fixed 
, π . Let us now assume other possible scenario, Snc 3 , described in Table 5 , where |µ| = 150GeV
and tan θ k = 4. In this case, either the physical mass are given by mχ0 
Conclusions
In this paper we have studied the implications of a complex symmetric neutralino mass matrix in the context of left-right SUSY model. This matrix was described by seven real parameters In the treatment of the inverse problem, in the CP-violating case, we have considered two scenarios, the first one similar to the Sp1−type considered in [2] in the context of the MSSM, characterized by a big rate between k u and k d and the second one characterized by a relatively small rate between k u and k d , with similar conditions to those studied in [12] but adapted to the CP-violating case. In both scenarios, we have observed that the value of |M L | can be determined more accurately if we know the the mass of the lighter neutralino.
A similar analysis can be carried out for the chargino sector. This sector is more difficult to treat using the projector technique because the corresponding chargino mass matrix is not symmetric and requires two unitary matrices to diagonalize it. This analysis is underway and will be reported in a separate communication. 
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A The standard method
In this section we demonstrate the equivalence between the method implemented in the above section and the one using the Jarlskog's formula (4.52), or well Eq. (4.55). The method using the Jarlskog's formula to express M L in terms of the eigenphases and of the rest of the fundamental parameters has been used in reference Ref. [2] , in the case of the MSSM. Equation The inverses of these equations determines the fundamental LRSUSY parameters in terms of p jα ,
